Amphibians are thought to be highly susceptible to perturbed environments. However, recent studies show that many of them are successful inhabitants of disturbed, fragmented habitats. The source of this resilience is yet unclear, but it may be the byproduct of having a robust phenotype and/or the result of phenotypic plasticity. We then assessed the contribution of each by evaluating * These authors contributed equally to the present work. # Corresponding authors.
Introduction
The decline of amphibian populations worldwide has been attributed to their susceptibility to habitat alteration and destruction, emerging diseases and global climate change [1] - [4] . However, increasing evidence indicates that many of them survive in fragmented forests [5] [6] and thrive in perturbed environments [7] [8], thus indicating that amphibians might be more resilient than previously assumed. In this context, amphibian biological resilience may be the consequence of having a robust canalized phenotype, the outcome of phenotypic plasticity or both [9] . Since the continuity of any species, including amphibians, heavily depends upon their reproductive success, environmental perturbations that negatively impact reproductive traits could impose the highest extinction risks on these species [10] [11] .
An organism may deal better with environmental contingencies if reproductive traits are continuously adjusted within/across generations or if such traits are robust enough to endure changing conditions with minor modifications within/across generations. Consequently, evaluating the contribution of phenotype robustness or plasticity of reproductive traits to amphibian resilience is essential to predict their possibilities of surviving under current or worsening environmental conditions. Having this in mind, in this work, we inferred such contributions by studying the cytoarchitectonic features of the ovary and two brain nuclei (medial amygdala (MA) and preoptic area (POA) [12] involved in sexual/reproductive behavior, in female specimens of the frog Diaglena (D.) spatulata. This species is an endemic resident of a tropical dry forest and a successful inhabitant of perturbed/fragmented environments [8] . Our assumptions were that if resilience was due to phenotype robustness, there would be, at most, only small differences in the anatomical organization of the brain and ovaries between specimens collected at conserved (C) and disturbed (D) forests (F). The opposite would be true if phenotype plasticity was predominantly involved.
Materials and Methods

Study Site
The Chamela-Cuixmala biosphere reserve is located at 19˚30'N, 105˚03'W in the Pacific coastline of the state of Jalisco, México. The reserve has a continuous old grown tropical dry forest (hereafter referred to as conserved forest, CF). The adjacent areas are a patchwork mosaic of secondary forest in different stages of succession (hereafter referred to as disturbed forest, DF). We believe these settings are adequate to compared anatomical traits between specimens of D. spatulata frogs living in different areas, since fragmented habitats are presumed to dehydrate anurans following increased exposure to wind, solar irradiation and temperature variation [13] [14].
Animal Collection
D. spatulata specimens were collected at the end of the breeding season (October 2009) in an attempt to synchronize their physiological condition. We used female specimens since previous studies in other vertebrates show that female reproductive traits readily respond to environmental contingencies (reviewed in [12] ). Three specimens were captured in the CF or in the DF; the secondary successional forest patches have 10,000 m 2 with an abandonment age of 5 -6 years. Because frogs commonly do not travel long distances from their feeding and reproductive grounds [15] and water sources are available in both CF and DF (Figure 1) , we assumed that the collected specimens were truly representative of inhabitants living in the CF and DF environments. After capturing them alive, the frogs were weighed, measured length-wise (snout to vent length, SVL) and euthanized each with an over-dose of sodium pentobarbital (Pfizer, 45 mg/kg of body weight, administered via intraperitoneal). We achieved internal organ fixation by opening the abdominal wall and submerging the specimens in buffered paraformaldehyde (4%; Sigma-Aldrich) until used. Specimens collected were then transported to the laboratory where they were sexed based upon their gonadal cytology. We removed the femur, brain and gonads and processed them as described below. Protocols for animal collection, handling and experimentation were approved by the Secretaria del Medio Ambiente y Recursos Naturales (FAUT-0112).
Histological Procedures
To estimate each specimen's age, we dissected the right femurs and decalcified them in hydrochloric acid (5%) for 24 hours at room temperature. The samples were then washed with saline solution, dehydrated and embedded in paraplast (Sigma-Aldrich). The decalcified femurs were cut transversally (5 µm) in a microtome. The sections were mounted onto gelatin-coated slides, stained with haematoxylin-eosin (J.T. Baker), cleared in xylene and cover-slipped with Cytoseal 60 (Electron Microscopy Sciences). The stained sections were observed under bright-field microscopy (Leica DM3000) and the lines of arrested growth counted (LAGs) according to [16] .
The MA-POA complex allows anurans to vocalize and to analyze vocalizations, both of which are needed to detect, discriminate and select mates during the breeding season. Given that this complex neuronal elements are subjected to seasonal variations in size, number and morphology [12] , it appears that the MA-POA is an adequate region to evaluate possible effects of habitat disturbance on brain sexual traits in D. spatulata by using simple, but straightforward morphological methods. Accordingly, we froze 30% sucrose-cryoprotected brains in 2-methylbutane pre-chilled with dry ice and stored them at −80˚C until used. Serial, cryostat coronal sections were cut and mounted (30 µm) onto gelatin-coated slides and stained with cresyl violet (0.1%; Sigma). All brain sections containing MA (15 sections per animal) and POA (9 sections per animal) were collected, photographed and used to estimate these nuclei sectional area. Digital MA and POA images were captured at low magnification (10×) under bright field microscopy (Leica), keeping brightness and contrast values constant. Color images were gray-scaled (8 bits) and segmented by clustering-based thresholding methods; MA and POA binary masks were thus created to estimate their sectional area in every section where they appeared with the aid of the Image J software (National Institute of Health). We summed up and averaged the areas to obtain a value per brain side, then per animal and finally per group. To estimate the average neuronal area, we randomly captured bright-field high-magnification digital photomicrographs (100×) of five areas located closest to the mid-section of the MA or POA; sampling was bilateral to avoid left-right bias. Then each neuron (n = 20 cells per brain nucleus/animal) was outlined manually and masked. These masks were used to estimate individual neuron area using Image J. Neurons included in the study had clearly defined cell nuclei and at least one of their nucleoli present. We averaged neuron area to obtain a value per side, then per animal and finally per group.
Left ovaries were used to evaluate the ovarian cycle [16] . This organ was weighed, processed through paraplast embedding and cut longitudinally (5 µm). The sections were mounted onto gelatin-coated slides, stained with hematoxylin and eosin, dehydrated, cleared and coverslipped. The ovaries had a fairly regular cytological arrangement. Therefore, we used a single section traversing the mid-section of each ovary to estimate oocyte density at distinct differentiation stages with the aid of the Image J software (see also [17] ). We also estimated the gonado-somatic index (GSI = gonad weight/body weight) for each frog [18] .
At all times, the identity of the specimens and the origin of the histological material were unknown to the personnel conducting the measurements and analyses.
Statistics
The values of the anatomical parameters determined were compared between groups by using Student´s t test considering a minimal value of p ≤ 0.5 as significant.
Results
The gross-anatomical features and GSI were very similar between frogs collected in the CF and DF ( Table 1) . Histological assessments revealed that the MA, but not the POA, had a reduced size in DF-collected frogs compared to CF-collected specimens (Figure 2 and Figure 3) . Both the MA and POA displayed neurons with reduced size (Figure 2 and Figure 3) . In contrast, the cytology of the ovaries was similar in both groups, showing a predominance of pre-vitellogenic oocytes (stages II and III; Figure 4 ) and reduced amounts of empty follicles (not shown) and stage I oocytes (Figure 4) . Even though DF-collected frogs tended to display a greater density of stage II and III oocytes, this trend did not reach statistical significance. The density of stage I and III oocytes was similar between groups. No stage VI oocytes were observed. Finally, the total number of oocytes was comparable in CF and DF-collected frogs. All these observations suggest that the duration and progression of the ovarian cycle are similar in frogs collected in the CF and DF.
Discussion
Claims that amphibians are highly susceptible to perturbed environments are frequent (e.g. [19] ). However, an increasing body of evidence shows that many amphibian species are efficient inhabitants of perturbed, fragmented habitats [7] [20] . The mechanisms underlying the resilience of these amphibian species are uncertain. To begin inferring such mechanisms we studied some anatomical traits of the brain and ovaries in female frogs of the species D. spatulata thriving in the CF and DF. We showed that the size of the MA and of neurons in the MA and POA were significantly reduced in DF-collected specimens. Such differences were not due to an overall change in brain size, since brain length and POA area did not differ between the groups. Although at first glance this result would agree with the notion that phenotype plasticity might contribute to explain the resilience of D. spatulata to alterations of the dry tropical forest, the examination of the ovarian histology suggests otherwise. Indeed, ovarian cytology and the GSI (an index of each frog's sexual maturity) were similar in CF and DF-collected frogs. As such, we believe our results suggest that both ovarian robustness (i.e., canalization) and brain plasticity contribute to the resilience of D. spatulata when their population confronts environmental contingencies associated with DF. This inference, however, does not rule out the possibility of the ovarian traits being plastic under other environmental conditions, as could be expected based upon the mosaic model of adaptive plasticity that postulates that traits may develop independent and differential plastic response under different conditions [21] . Regardless of this consideration, by the time being, we keep tight to our preference making it our current working hypothesis since in the ovary behave similarly at extreme conditions.
A final comment deserves consideration in this discussion. Although we ignore the nature of environmental factors that trigger MA/POA plasticity, the likely candidates in addition to sexual competence/competition might be temperature and humidity since the MA/POA complex also modulates body temperature, water consumption [22] and stress responses (e.g. [23] ). Hence, studies aimed at documenting differences in the expression of these behaviors between CF and DF-collected frogs are warranted, as they are those aimed at exploring thoroughly the contribution of canalization and plasticity of phenotypic traits to amphibian environmental resilience in D. spatulata and in other species.
Conclusion
In conclusion, we think that our preliminary results support the notion that D. spatulata female specimens confront environmental challenges by combining robust ovary and plastic brain's phenotypic traits.
